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(54) Optical network with subcarrier multiplexing 

(57) Disclosed is an optical network which has a plu- 
rality of subordinate optical networks, each of which 
being connected with a plurality of optical terminals 
which function as a transmitter and a receiver of a signal 
light, wherein multiplexing of transmission signals and 
demultiplexing of reception signals at the optical termi- 
nals are carried out in the subcarrier multiplexing man- 
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ner; and a main optical network which is connected with 
the subordinate optical networks, wherein multiplexing 
of signal lights transmitted from the subordinate optical 
networks is carried out in the wavelength division multi- 
plexing manner. 
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Description 

FIELD OF THE INVENTION 

This invention relates to an optical network which 5 
employs the wavelength division multiplexing(WDM) and 
subcarrier multiplexing(SCM). 

BACKGROUND OF THE INVENTION 

10 

A multi-access optical network in which information 
can be transmitted between a plurality of terminals is 
suggested. In this optical network, the wavelength divi- 
sion multiplexing(WDM) or subcarrier murtiplexing(SCM) 
are used as a manner of multiplexing a plurality of infor- is 
mation output from terminals. In a WDM optical network, 
an individual optical wavelength is assigned to each opti- 
cal terminal for transmitting signal light, and a desired 
information can be obtained by selecting a signal light 
from a plurality of signal lights with wavelengths different 20 
with each other/Since the respective signal lights can 
transmit a large amount of information, the WDM manner 
can provide a large capacity optical network. On the 
other hand, in a SCM optical network, an individual elec- 
tric frequency is assigned to each optical terminal, and 25 
a desired information can be obtained by selecting a car- 
rier signal from a plurality of carrier signals with frequen- 
cies different with each other which are obtained when 
a signal light is received. The SCM optical network has 
advantages that multiplexing of various signals such as 30 
a visual signal, a voice signal is easy and it has high com- 
patibility with a wireless communication system, i.e., it 
has a flexibility as to a network. The SCM optical network 
is, for example, shown in M. Shibutani et al., "Optical 
Transmission Networks for Wide Area Video monitoring 35 
Systems", The Institute of Electronics Information and 
Communication Engineers, Autumn Meeting, OCS92- 
25(1992). 

Further, WDM/SCM hybrid optical network is also 
suggested. In the optical network, both an optical wave- *o 
length and electric frequency are assigned to each ter- 
minal. Therefore, multimedia optical network with both a 
large capacity in the WDM manner and flexibility in the 
SCM manner can be provided. The WDM/SCM hybrid 
optical network is. for example, shown in A. Hiramatsu 45 
et al., " The Concept of A Hyper-Band Network Based 
on Photonic Wavelength Division Multiplexing", The 
Institute of Electronics Information and Communication 
Engineers, Autumn Meeting, SB-5-5(1994). 

However, in the above WDM/SCM hybrid optical net- so 
work, there is a problem that the number of optical ter- 
minals is limited according to the number of optical 
wavelengths used in the optical network. At present, the 
number of wavelengths available in the optical network 
is less than several tens. Therefore, it is difficult to con- ss 
struct a large-scale optical network. 



SUMMARY OF THE INVENTION 

Accordingly, it is an object of the invention to provide 
a large-scale and flexible optical network in which many 
optical terminals can be connected. 

According to a first aspect of the invention, an optical 
network, comprises: 

a plurality of subordinate optical networks, each 
of which being connected with a plurality of optical ter- 
minals which function as a transmitter and a receiver of 
a signal light, wherein multiplexing of transmission sig- 
nals and demultiplexing of reception signals at the optical 
terminals are carried out in the subcarrier multiplexing 
manner; and 

a main optical network which is connected with 
the subordinate optical networks, wherein multiplexing 
of signal lights transmitted from the subordinate optical 
networks is carried out in the wavelength division multi- 
plexing manner. 

A second aspect of the invention is characterized in 
that: in the optical network in the first aspect of the inven- 
tion; 

the optical terminals of number N (N is a natural 
number of two or more) which are connected with each 
of the subordinate optical network are cascaded on a 
optical fiber transmission line, 

wherein carrier signals with frequencies different 
with each other are input to the optical terminals, an opti- 
cal receiver in an optical terminal number K(K is a natural 
number of two or more and N or less) receives a signal 
light transmitted from a optical terminal number K-1, a 
carrier signal input to the optical terminal number K and 
a high-frequency signal output from the optical receiver 
are multiplexed by an electric multiplexer and a high-fre- 
quency signal is then applied to an optical transmitter 
thereby modulating a signal light transmitted from the 
optical terminal number K. 

A third aspect of the invention is characterized in 
that: in the optical network in the first aspect of the inven- 
tion; 

the plurality of optical terminals which are con- 
nected with each of the subordinate optical networks 
transmits signal lights modulated by carrier signals with 
frequencies different with each other, and the transmitted 
signal lights are multiplexed on an optical fiber transmis- 
sion line. 

A fourth aspect of the invention is characterized in 
that: in the optical network in the first aspect of the inven- 
tion; 

the optical terminals of number N (N is a natural 
number of two or more) which are connected with each 
of the subordinate optical network are cascaded on a 
optical f toer transmission line which is originated from an 
optical transmitter, 

wherein each of the optical terminals has an opti- 
cal modulator in which carrier signals with frequencies 
different with each other are applied, a signal light trans- 
mitted from a first optical terminal is that which is trans- 
mitted from the optical transmitter and modulated by the 
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optical modulator, and a signal light transmitted from an 
optical terminal number K(K is a natural number of two 
or more and N or less) is that which is transmitted from 
an optical terminal number K-1 and modulated by the 
optical modulator. 5 

A fifth aspect of the invention is characterized in that: 
in the optical network in the first aspect of the invention; 

the subordinate optical networks and the main 
optical network are connected through a repeater node. 

A sixth aspect of the invention is characterized in a io 
repeater node for connecting a subordinate optical net- 
work and main optical network, comprising: 

an optical receiver for receiving a signal light from 
the subordinate optical network; and 

an optical transmitter for transmitting a signal light is 
modulated with a high-frequency signal output from the 
optical receiver to the main optical network; 

wherein a wavelength different according to the 
repeater node is assigned to a signal light transmitted 
from the optical transmitter. 20 

A seventh aspect of the invention is characterized in 
a repeater node for connecting a subordinate optical net- 
work and main optical network, comprising: 

an optical filter for selecting a signal light with a 
desired wavelength from a plurality of signal lights with 25 
wavelengths different with each other which is transmit- 
ted from the main optical network; 

an optical receiver for receiving the signal light 
selected by the optical filter; 

an electric filter for selecting a carrier signal with 30 
a desired frequency from a high-frequency signal output 
from the optical receiver; 

a frequency converter for converting a frequency 
of the carrier signal selected by the electric filter; and 

an optical transmitter for transmitting a signal light 35 
modulated with a carrier signal output from the frequency 
converter to the subordinate optical network. 

In the first aspect of the invention, a large-scale and 
flexible optical network in which many optical terminals 
can be connected can be provided since subordinate 40 
optical networks using SCM are placed under a main 
optical network using WDM . 

In the second aspect of the invention, each optical 
terminal functions as a repeater of a signal light and a 
multiplexer of carrier signals. Also, a cheap light source 45 
can be used since signal lights transmitted from respec- 
tive optical terminals are not limited as to a wavelength. 
Further, the level of a signal light can he compensated 
in respective optical terminals. 

In the third aspect of the invention, signal lights so 
transmitted from respective optical terminals are multi- 
plexed on an optical fiber transmission line. Therefore, a 
trouble in an optical terminal does not affect the other 
optical terminals. 

In the fourth aspect of the invention, respective opti- 
cal terminals have a common signal light, i.e.. only one 
signal light is transmitted in a subordinate optical net- 
work. Therefore, beat noise by an interference of optical 
signals does not occur. 



In the fifth and sixth aspects of the invention, in a 
repeater node, a signal light transmitted from an optical 
terminal is converted into that with a wavelength 
assigned to each subordinate optical network. The 
repeater node makes it possible to use an optional wave- 
length in each subordinate optical networks. 

In the fifth and seventh aspect of the invention, a car- 
rier signal to be received by each optical terminal is 
extracted from a signal light transmitted on a main optical 
network by selecting an optical wavelength and carrier 
signal frequency, further being relocated by frequency- 
conversion to transmit to a subordinate optical network. 
In use of such repeater node, a device for selecting an 
optical wavelength is not needed in respective optical ter- 
minals. Also, an optical loss in the distribution of a signal 
light can be compensated by the repeater node. 

BRIEF DESCRIPTION OF TH E DRAWINGS 

The invention will be explained in more detail in con- 
junction with the appended drawings, wherein: 



FIG. 1 is a schematic diagram showing a baste com- 
position of an optical network according to the inven- 
tion, 

FIG.2 is a table showing a wavelength and carrier 
frequency assigned to respective optical terminals. 
FIG.3 is a schematic diagram showing an optical 
network in a first preferred embodiment according 
to the invention, 

FIG.4 is a partially detailed diagram showing a sub- 
ordinate optical network and repeater node in the 
first embodiment, 

FIG.5 is a partially detailed diagram showing a sub- 
ordinate optical network and repeater node in a sec- 
ond preferred embodiment according to the 
invention, 

FIG.6 is a chart showing transmitted or received car- 
rier signals assigned to respective optical terminals. 
FIG.7 is a partially detailed diagram showing 
another optical terminal in the second embodiment 
FIG.8 is a partially detailed diagram showing 
another carrier signal relocation circuit in the second 
embodiment, 

FIG.9 is a partially detailed diagram showing a sub- 
ordinate optical network and repeater node in a third 
preferred embodiment according to the invention, 
FIG. 1 0 is a partially detailed diagram showing a sub- 
ordinate optical network and repeater node in a 
fourth preferred embodiment according to the inven- 
tion, and 

FIG. 1 1 is a partially detail ed diagram showing a sub- 
ordinate optical network and repeater node in a fifth 
preferred embodiment according to the invention. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

FIG.1 shows a basic schematic composition of an 
optical network according to the invention. Subordinate s 
optical networks 1 0 to 1 2 are connected with a main opti- 
cal network 20. and optical terminals 30-32. 33-35 and 
36-38 are connected with the corresponding subordinate 
optical network 10 to 12. In the subordinate optical net- 
works 10 to 12. the multiplexing or demultiplexing of a io 
transmission signal or reception signal from the optical 
terminals is carried out by using the subcarrier multiplex- 
ing(SCM). In the main optical network 20. signal lights 
from the subordinate optical networks are multiplexed by 
the wavelength division multiplexing(WDM). is 

The optical terminals 30 to 32 of the subordinate 
optical network 10 transmit signal lights which are mod- 
ulated with the respective frequencies f 1 to f3 assigned 
thereto. A wavelength A.1 is assigned to a signal light 
which is transmitted from the subordinate optical network 20 
1 0 to the main optical network 20. wherein the signal light 
is modulated with carrier signal with frequencies f 1 to f3. 
Similarly, signal lights with wavelengths X2 and A3, 
respectively which are modulated with carrier signals 
with frequencies f 1 to f3 are transmitted from the subor- 25 
dinate optical networks 1 1 and 1 2 to the main optical net- 
work 20. Herein, an optical wavelength and carrier 
frequency as shown in FIG.2 are assigned to the respec- 
tive optical terminals. 

The signal lights with wavelengths A.1 to A3 are mul- 30 
tiplexed in the main optical network 20 and are distrib- 
uted to the subordinate optical networks 1 0 to 1 2. In each 
of the optical terminals, a signal light wavelength 
Xj(j=1,2,3) and carrier frequency fi(i=1.2.3) are selected 
to get a desired carrier signal. 55 

FIG.3 shows a network composition of a first pre- 
ferred embodiment of the invention. The subordinate 
optical networks 1 0 to 1 2 are connected to the main opti- 
cal network 20 through repeater nodes 40 to 42. The 
main optical network 20 is composed of a star coupler 40 
210 which has three input ports and three output ports. 
Signal lights to which optical wavelengths X1 to A3 are 
assigned are transmitted from the repeater nodes 40 to 
42 to the main optical network 20, then they are coupled 
and divided in the star coupler 210 and are transmitted 45 
to the respective repeater nodes. 

FIG.4 shows a detailed composition of the subordi- 
nate optical network 10 and repeater node 40. The sub- 
ordinate optical network 10 comprises optical terminals 
30 to 32 which are cascaded along optical fiber trans- so 
mission lines 50 and 51 which originates and terminates 
at the repeater node 40. The carrier, frequencies f 1 to f3 
are assigned to the optical terminals 30 to 32. 

In this embodiment, subcarrier multiplexing repeat- 
ers are employed as a multiplexing manner of a signal ss 
transmitted from an optical terminal. In the optical termi- 
nal 32. an optical receiver 70 receives a signal light trans- 
mitted from the optical, terminal 31 and then outputs a 
high-frequency signal 140. An optical transmitter 90 



transmits a signal light wtiich is modulated with a high- 
frequency signal in which the high-frequency signal 140 
and a carrier signal 130 with frequency f3 is multiplexed 
by an electric multiplexer 80. In this manner, only one 
signal light is transmitted between the optical terminals. 
Therefore, since the wavelength of a signal light is not 
limited, a low-cost light source can be used. The subcar- 
rier multiplexing repeaters is in detail reported in. for 
example. W. Domon et al., " An Optical Multiple-Access 
Network Using Subcarrier Multiplexing Repeaters". 
Technical Report of the Institute of Electronics Informa- 
tion and Communication Engineers. OCS93-99(1994). 
The signal light transmitted from the optical terminal 32 
is converted into a signal light with wavelength A.1 by the 
repeater node 40 which comprises an optical receiver 72 
and optical transmitter 91 . 

The signal light with wavelengths A1 to X3 which is 
transmitted from the main optical network 10 to the 
repeater node 40 is transmitted on an optical fiber trans- 
mission line 51 as it is. In the optical terminal 32, a part 
of the signal light is divided at an optical coupler 60, being 
filtered by an optical filter to select a signal light with a 
desired wavelength, then being received by an optical 
receiver 71 . Further, from the output signal of the optical 
receiver 71, a desired carrier signal 131 is selected by 
an electric filter. 

In this embodiment, three optical wavelengths of XI . 
A2 and X3 which are 1 .53, 1 .55 and 1 .57 \im t respectively 
and three carrier frequencies of f1, f2 and f3 which are 
500, 600 and 700 MHz, respectively are employed. The 
length of a transmission line between the respective opti- 
cal terminals is 20 km, and thus the large-scale subordi- 
nate optical networks with a total transmission distance 
of 60 km is realized. The number of optical fiber trans- 
mission lines for the subordinate optical networks is two. 
The transmission lines can be sufficiently used. 

In the first embodiment, the signal light with wave- 
length X1 is transmitted from the repeater node 40. How- 
ever, the signal light with wavelength X1 may be directly 
transmitted from the optical terminal 32 to the main opti- 
cal network 10. The optical terminal 32 can function as 
a repeater node, then the repeater node 40 is not 
needed. 

Further, though the signal light with wavelengths A.1 
to A3 transmitted from the main optical network 10 is 
transmitted to the subordinate optical network 10 
through the repeater node 40 as it is, the repeater node 
40 or optical fiber transmission line 51 may include an 
optical amplifier for compensating a transmission loss or 
a division loss at the optical coupler. In that case, the 
optical amplifier is needed to simultaneously amplify a 
plurality of signal lights with different wavelengths. For 
example, an optical amplifier for the simultaneous ampli- 
fying of a multi-wavelength signal light is shown in M. 
Misono et al.. "Er-Doped Fiber Amplifier for WDM Net- 
works Using Automatic Gain Control". The Institute of 
Electronics Information and Communication Engineers. 
Autumn Meeting, B-943(1994). 
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FIG.5 shows a subordinate optical network 10 and 
repeater node 40 of an optical network in a second pre- 
ferred embodiment, and the whole composition thereof 
is similar to that in the first embodiment as shown in 
FIG.3. In the second embodiment, a, repeater node 40 5 
employs a carrier signal relocation circuit, and a bi-direc- 
tional optical transmission between the repeater node 
and optical terminals are performed on a optical ftoer 
transmission line. In a subordinate optical network 10, 
the optical terminals 30 to 32 are cascaded on a loop- 10 
shaped optical fiber transmission line 50 which origi- 
nates and terminates at the repeater node 40. This 
embodiment also employs subcarrier multiplexing 
repeaters. 

A signal light 120 with wavelengths X1 to X3 which 15 
is transmitted from the main optical network 10 is input 
to a carrier signal relocation circuit 170 in the repeater 
node 40. The carrier signal relocation circuit 170 com- 
prises an optical coupler 60, optical filters 100 to 102, 
optical receivers 72 to 74, electric filters 1 1 1 to 1 1 3 and 20 
frequency converters 160 to 162. The carrier signal relo- 
cation circuit 170 extracts carrier signals which will be 
received by the optical terminal by the optical filters 100 
to 102 with a variable wavelength pass band and the 
electric filters 1 1 1 to 1 1 3 with a variable frequency pass 2s 
band, further converting the frequency of the extracted 
carrier signals by the frequency converters 160 to 162 to 
relocate them as desired frequency bands. 

The carrier signals output from the carrier signal 
relocation circuit 1 70 are multiplexed in an electric mul- so 
tiplexer 80 and then are input to an optical transmitter 92. 
From the optical transmitter 92. a signal light 1 21 modu- 
lated by these carrier signals is transmitted to an optical 
fiber transmission line 50. 

In an optical terminal 30. a part of a high-frequency 
signal output from an optical receiver 70 which receives 
the signal light 121 is demultiplexed at an electric 
multi/demultiplexer 150, than the demultiplexed signal is 
passed through an electric filter 1 10 to obtain a desired 
carrier signal 130. The high-frequency signal output from 
the optica! receiver 70 is multiplexed with a carrier signal 
131 by the electric multi/demultiplexer 150 and is then 
transmitted from an optical transmitter 90 to the other 
optical terminal. Thus, the other optical terminal can get 
a desired carrier signal. 

In this embodiment, as shown in FIG.6, the frequen- 
cies of f 1 , f2 and f3 of carrier signals which are transmit- 
ted from the optical terminals 30 to 32 are 500, 550 and 
600 MHz. respectively and the frequencies of f4, f5 and 
f6 of carrier signals which are received by the optical ter- 
minals 30 to 32 are 700. 750 and 800 MHz. respectively. 
The carrier signals to be received by the optical terminals 
30 to 32 are relocated to the frequencies f4 to f6 in the 
repeater node 40 and are then transmitted to the subor- 
dinate optical network 1 0 to be received by the respective 
optical terminals. 

The frequencies of carrier signals which are trans- 
mitted and received at the respective optical terminals 
may be common by a drop-insert type optical terminal 



as shown in FIG.7. A carrier frequency f 1 is assigned to 
the optical terminal 30. In the optical terminal 30, the 
reception of a carrier signal is carried out such that a car- 
rier signal with a frequency f 1 is extracted from a high- 
frequency signal output from the optical receiver 70 by 
the electric filter 110. On the other hand, the transmission 
of a carrier signal is carried out such that the high-fre- 
quency signal output from the optical receiver 70 is 
passed through a notch filter 220 which removes only 
the carrier signal with a frequency f 1 then multiplexing a 
carrier signal in the vacant frequency band. Thus, the 
electric frequency band can be reduced to one half due 
to the common frequency of the carrier signal by the opti- 
cal terminal which has the drop-insert function. 

Alternatively, the carrier signal relocation circuit 170 
may include a fixed wavelength optical filter and an elec- 
tric switch as shown in FIG.8. The carrier signal reloca- 
tion circuit 170 comprises an optical coupler 60. optical 
filters 100 to 102. optical receivers 72 to 74, electric 
demultiplexers 180 to 182, electric switches 230 to 232, 
electric filters 1 1 1 to 1 13 and frequency converters 160 
to 162. The wavelength pass band of the optical filters 
100 to 102 is fixed, and all signal lights are converted 
into high-frequency signals by the optical receivers 72 to 
74. The high-frequency signals are demultiplexed by the 
electric demultiplexers 180 to 182 and are then input to 
the electric switches 230 to 232. The respective electric 
switches 230 to 232 output any one of the high-frequency 
signals input. Namely, the electric switch functions as a 
selector of the signal light. The frequencies of the carrier 
signals which are extracted from the high-frequency sig- 
nals output from the electric switches by the electric fil- 
ters 111 to 113 are converted by the frequency 
converters 160 to 162 to relocate in a desired frequency 
band. When wavelength-multiplexed signal lights are 
input, the optical coupler 60 and optical filters 100 to 102 
may be replaced by an optical demultiplexer in which a 
signal light with a different wavelength is output from a 
different port. Such optical demultiplexer is, for example, 
shown in S. Suzuki et al.. "High-Density Integrated 1x16 
Optical FDM Multi/Demultiplexer Using High-A Si02- 
Ge02 Waveguides on silicon", The Institute of Electron- 
ics Information and Communication Engineers, Autumn 
Meeting, C-257(1994). 

FIG.9 shows a subordinate optical network 10 and 
repeater node 40 of an optical network in a third preferred 
embodiment, and the whole Composition thereof is sim- 
ilar to that in the first embodiment as shown in FIG.3. In 
the third embodiment, signal lights transmitted from the 
respective optical terminals are multiplexed on the opti- 
cal fiber transmission line. In the subordinate optical net- 
work 1 0, optical terminals 30 to 32 are connected by the 
optical transmission lines 50, 51. In the optical terminal 
32, an optical coupler 60 connected with an optical trans- 
mitter 90 which transmits a signal light is inserted on the 
optical fiber transmission line 50. The signal light trans- 
mitted from the optical transmitter 90 is multiplexed with 
a signal light transmitted from the optical terminal 31 by 
the optical coupler 60. 
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In the repeater node 40, beat noise due to the inter- 
ference of the signal lights may be generated in an optical 
receiver 70 since all the signal lights transmitted from the 
optical terminals 30 to 32 are simultaneously received 
by the optical receiver 70. When the beat noise is gen- s 
erated in the carrier signal frequency band, noise char- 
acteristics are significantly degenerated. In this 
embodiment, the wavelengths of the respective signal 
lights are controlled not to be overlapped each other. 
Such beat noise is, for example, explained in M. Shibu- w 
tani et al./Optical Transmission Networks for Wide Area 
Video Monitoring Systems", Technical Report of The 
Institute of Electronics Information and Communication 
Engineers, OCS92-25(1992). 

The signal light transmitted from the respective opti- is 
cal terminals is converted into a signal light with a wave- 
length X1 which is assigned to the subordinate optical 
network 10 rn the repeater node 40 and are then trans- 
mitted to the main optical network 20. Thus, in this 
embodiment, since the wavelength of the signal light is 20 
converted into a wavelength assigned to the respective 
subordinate optical networks in the repeater node, with 
an optional wavelength can be used in the subordinate 
optical network. 

F IG . 1 0 shows a subordinate optical network 1 0 and 25 
repeater node 40 of an optical network in a fourth pre- 
ferred embodiment, and the whole composition thereof 
is similar to that in the first embodiment as shown in 
FIG.3. In the subordinate optical network 10, optical ter- 
minals 30 to 32 are connected by a loop-type optical fiber 30 
transmission line 50. In this embodiment, the frequen- 
cies of transmission carrier signals of f1, f2 and f3 and 
frequencies of reception carrier signals of f4, f5 and f6 
are assigned to the optical terminals 30 to 32. 

In the fourth embodiment, cascaded optical modu- 35 
lators are employed to multiplex a signal light transmitted 
from an optical terminal. In the optical terminal 30, a car- 
rier signal with a frequency f1 is applied to an optical 
modulator 190. A signal light 120 is modulated by the 
carrier signal when it passes through the optical modu- 40 
lator 190. When passing through the other optical termi- 
nal, the signal light is similarly modulated. Namely, the 
signal light 121 output from the optical terminal 32 is 
modulated by the carrier signals with wavelengths f 1 to 
f3. The composition of the cascaded optical modulators 45 
is, for example, shown in W. Domon et al., "SCM Optical 
Multiple-Access Networks with Cascaded Optical Mod- 
ulators". The Institute of Electronics Information and 
Communication Engineers, Spring Meeting, SB-9- 
4(1993). 50 

In this embodiment, the carrier signals received by 
the respective optical terminals are converted into those 
with frequencies f4 to f6 in the repeater node 40 similarly 
to the second embodiment as shown in FIG.2, thereafter 
being transmitted to the subordinate optical network 1 0. 55 
The respective optical terminals include semiconductor 
optical amplifiers 200 to compensate the insertion loss 
of the optical modulator, wherein the semiconductor opti- 
cal amplifier 200 also functions as an optical receiver as 



well as an amplifier. In the optical terminal 30, a high- 
frequency signal output from the semiconductor optical 
amplifier 200 is passed through an electric filter 110 to 
obtain a carrier signal with a frequency f4. The semicon- 
ductor optical amplifier is, for example, shown in K. T. 
Koai et al.. " Simultaneous Optical Amplification, Detec- 
tion, and Transmission Using In-Une Semiconductor 
Laser Amplifiers", IEEE Photonics Technology Letters, 
Vol.4, No.5. pp.441 -443(1 992). 

In the repeator node 40, the signal light transmitted 
from the optical transmitter 90 may be directly transmit- 
ted to a WDM network when a wavelength thereof is that 
assigned to the subordinate optical network. In this case, 
the optical receiver and optical transmitter which convert 
the wavelength of a signal light from the subordinate opti- 
cal network and transmit to the main optical network are 
not needed in the repeater node. 

FIG.1 1 shows a subordinate optical network 10 and 
repeater node 40 of an optical network in a fifth preferred 
embodiment, and the whole composition thereof is sim- 
ilar to that in the first embodiment as shown in FIG.3. In 
this embodiment, optical terminals and repeater node 
are connected by a single-star type optical fiber trans- 
mission line. There are two optical fiber transmission 
lines between each of the optical terminals 30 to 32 in 
the subordinate optical network 1 0 and the repeater nods 
40. Three signal lights transmitted from the respective 
optical terminals are modulated by carrier signals with 
frequencies different with each other. Each of the signal 
lights is transmitted on the optical fiber transmission line 
different with each other, being converted into with a 
wavelength X1 in the repeater node 40 and transmitted 
to the main optical network 20. Thus, in this embodiment, 
since a plurality of carrier signals is not multiplexed, opti- 
cal transmitter 90 to 92 can employ even a cheap light 
source which does not have a good distortion property 
and is not easily modulated by a plurality of carrier sig- 
nals. 

Although the invention has been described with 
respect to specific embodiment for complete and clear 
disclosure, the appended claims are not to be thus lim- 
ited but are to be construed as embodying all modifica- 
tion and alternative constructions that ^ay be occurred 
to one skilled in the art which fairly fall within the basic 
teaching here is set forth. 

Claims 

1 . An optical network, comprising: 

a plurality of subordinate optical networks, 
each of which being connected with a plurality of 
optical terminals which function as a transmitter and 
a receiver of a signal light, wherein multiplexing of 
transmission signals and demultiplexing of reception 
signals at said optical terminals are carried out in the 
subcarrier multiplexing manner; and 

a main optical network which is connected 
with said subordinate optical networks, wherein mul- 
tiplexing of signal lights transmitted from said sub- 
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ordinate optical networks is carried out in the 
wavelength division multiplexing manner. 

An optical network, according to claim 1 , wherein: 
said optical terminals of number N (N is a nat- 
ural number of two or more) which are connected 
with each of said subordinate optical network are 
cascaded on a optical fiber transmission line, 

wherein carrier signals with frequencies dif- 
ferent with each other are input to said optical termi- 
nals, an optical receiver in an optical terminal 
number K(K is a natural number of two or more and 
N or less) receives a signal light transmitted from a 
optical terminal number K-1 , a carrier signal input to 
said optical terminal number K and a high-frequency 
signal output from said optical receiver are multi- 
plexed by an electric multiplexer and a high-fre- 
quency signal is then applied to an optical 
transmitter thereby modulating a signal light trans- 
mitted from said optical terminal number K. 

An optical network, according to claim 1 , wherein: 
said plurality of optical terminals which are 
connected with each of said subordinate optical net- 
works transmit signal lights modulated by carrier sig- 
nals with frequencies different with each other, and 
said transmitted signal lights are multiplexed on an 
optical fiber transmission line. 

An optical network, according to claim 1, wherein: 
said optical terminals of number N (N is a nat- 
ural number of two or more) which are connected 
with each of said subordinate optical network are 
cascaded on a optical fiber transmission line which 
is originated from an optical transmitter, 

wherein each of said optical terminals has an 
optical modulator in which carrier signals with fre- 
quencies different with each other are applied, a sig- 
nal light transmitted from a first optical terminal is 
that which is transmitted from said optical transmitter 
and modulated by said optical modulator, and a sig- 
nal light transmitted from an optical terminal number 
K(K is a natural number of two or more and N or less) 
is that which is transmitted from an optical terminal 
number K-1 and modulated by said optical modula- 
tor. 



10 



15 



20 



25 



30 



35 



40 



45 



work; 

wherein a wavelength different according to 
said repeater node is assigned to said signal light 
transmitted from said optical transmitter. 

A repeater node for connecting a subordinate optical 
network and main optical network, comprising: 

an optical filter for selecting a signal light with 
a desired wavelength from a plurality of signal lights 
with wavelengths different with each other which is 
transmitted from said main optical network; 

an optical receiver for receiving said signal 
light selected by said optical filter; 

an electric filter for selecting a carrier signal 
with a desired frequency from a high-frequency sig- 
nal output from said optical receiver; 

a frequency converter for converting a fre- 
quency of said carrier signal selected by said electric 
filter; and 

an optical transmitter for transmitting a signal 
light modulated with a carrier signal output from said 
frequency converter to said subordinate optical net- 
work. 



5. An optical network, according to claim 1 , wherein: 

said subordinate optical networks and said 
main optical network are connected through a so 
repeater node. 

6. A repeater node for connecting a subordinate optical 
network and main optical network, comprising: 

an optical receiver for receiving a signal light ss 
from said subordinate optical network; and 

an optical transmitter for transmitting a signal 
light modulated with a high-frequency signal output 
from said optical receiver to said main optical net- 
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